Using the IRAM 30 m telescope we observed molecular absorption lines from CCH and c-C 3 H 2 produced by diffuse and translucent clouds along the lines of sight towards massive star forming regions. The same sources are surveyed with Herschel/HIFI as part of the PRISMAS guaranteed time program, for molecular absorption lines due to hydrides and carbon clusters. The background sources are massive star-forming regions (G34.3 + 0.1, G10.62 − 0.39, W51, W49N) and SgrA * . The line profiles of the CCH and c-C 3 H 2 are strikingly similar for all lines of sight, showing that the ratio of the opacities of the probed transitions, (J Ka,Kc = 2 1,2 −1 0,1 ) for c-C 3 H 2 and (J = 1−0, F = 5/2−3/2) for CCH, is nearly constant along all lines of sight, at τ CCH ∼ 1.8 × τ c-C 3 H 2 . As a consequence, the ratio of the column densities of CCH and c-C 3 H 2 is nearly constant and similar to the value derived earlier for diffuse clouds detected along lines of sight towards extragalactic continuum sources, N(CCH) = (28 ± 1.4)N(c-C 3 H 2 ) (Lucas & Liszt 2000 , A&A, 358, 1069. PDR models are able to reproduce the observed CCH column densities for the range of physical conditions appropriate for the absorbing matter (n = 100−3000 cm −3 ; A V = 1−5 mag) but can neither fit the observed c-C 3 H 2 column densities nor the tight correlation between CCH and c-C 3 H 2 .
Introduction
Small carbon containing molecules, with a total of about 1 to 3 carbon atoms, have several interesting properties: they are ubiquitous in the interstellar medium, they are key actors in the formation of long carbon chains and other hydrocarbons, and they are involved in photo-fragmentation process of larger species like PAHs. Of particular interest is the sputtering of carbonaceous nanoparticules, which form a likely source for the high abundance of hydrocarbon molecules detected in the ISM . It is widely believed that carbon-chain or ring species with more atoms than species detected by radio telescopes might be the candidates for the diffuse interstellar bands (Douglas 1977; Herbig 1975; Herbig 1995) . Laboratory studies of the fragmentation process of PAHs have provided further support to this conjecture (Tielens 2008; Useli-Bacchitta & Joblin 2007) , but no definitive proof yet. The carbon chemistry is particularly complex. It is initiated in the gas phase by the slow radiative association of ionized carbon with molecular hydrogen leading to CH + 2 since the direct formation of CH + has a high endothermicity of over 4000 K (see the discussion in Godard et al. 2009 , and references therein). CH + 2 then rapidly reacts with H 2 , leading to CH + 3 which acts as the seed for most of the interstellar hydrocarbons (e.g. CH, C 2 H 2 ), as well as the carbon clusters Based on observations obtained with the IRAM 30 m telescope.
C 2 and C 3 . Comparison of carbon clusters and carbon hydrides abundances is therefore an excellent test of the chemical paths to the carbon chemistry and, more generally, to the buildup of molecular complexity in the ISM.
The interstellar ethynyl radical (CCH) was discovered in 1974 by Tucker et al. (1974) . It was identified by its radioastronomical spectra, with the help of its four intense hyperfine components, before laboratory spectroscopy of gaseous CCH was performed. In the interstellar medium, CCH is thought to result from the photodissociation of acetylene (C 2 H 2 ) and from the dissociative recombination of C 2 H + 2 and C 2 H + 3 (Mul & McGowan 1980) . The neutral-neutral reaction between C and CH 2 also contributes to forming CCH especially in moderately shielded regions. This route has been confirmed by the recent measurements of Sakai et al. (2010) , who obtained different abundances for the two isotopologues C 13 CH and 13 CCH. Since the two carbon atoms play equivalent roles in the photodissociation of acetylene and in the dissociative recombination of C 2 H + 2 and C 2 H + 3 , the reaction between C and CH 2 is the sole CCH formation mechanism that can produce such a difference in the C 13 CH and 13 CCH abundances because the two carbon atoms have different origins.
Cyclopropenylidene (c-C 3 H 2 ) is the first hydrocarbon ring detected in space. It was reported by Thaddeus et al. (1985) ; c-C 3 H 2 lines were detected as early as 1981 (Thaddeus et al.) but A&A 525, A116 (2011) 
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( * ) CCH frequencies derived from Padovani et al. (2009) ; JPL refers to the JPL spectral line catalog (Pickett et al. 1998) ; CDMS refers to the Cologne Data Base for Molecular Spectroscopy (Müller et al. 2001 (Müller et al. , 2005 were not identified as a cyclopropenylidene until 1985. c-C 3 H 2 is also one of the most abundant molecules with 3 carbon atoms in the interstellar medium (Teyssier et al. 2004) . Its main gas phase formation route is the dissociative recombination of c-C 3 H + 3 . Both CCH and c-C 3 H 2 are therefore good probes for hydrocarbons in the diffuse interstellar medium, especially carbon chains and radicals. While the inventory of gas-phase carbon molecules with two or three C-atoms is fairly complete (Marcelino et al. 2007) , knowledge of species with more carbon atoms is still fragmentary. Combined measurements of CCH and c-C 3 H 2 can shed light on the chemical processes leading to larger hydrocarbons. Lucas & Liszt (2000) show that interstellar absorption features from CCH and c-C 3 H 2 are correlated well in the millimeter spectra of extragalactic background radio sources with N(CCH)/N(c-C 3 H 2 ) = 27.7 ± 8. Pety et al. (2005) found a spatial correlation of emission maps of the edge of the Horsehead nebula, with a strong similarity between maps of CCH, c-C 3 H 2 and C 4 H, but with differences in the mean abundance ratios:
In this paper, we present new absorption spectra, sampling the diffuse and translucent matter in the Galactic Plane, along lines of sight towards bright millimeter continuum sources. The data set belongs to complementary absorption spectroscopy data obtained with the IRAM-30 m telescope towards the targets of the PRISMAS (PRobing InterStellar Molecules with Absorption line Studies) Herschel key program. This project aims at probing the first steps of the oxygen, carbon and nitrogen chemistry in the diffuse interstellar medium. Extensive spectroscopic studies of key interstellar molecules not easily accessible at other wavelengths, namely hydrides and carbon clusters, are currently performed by Herschel/HIFI. The target sources have been selected as strong (sub)millimeter continuum sources, with known intervening interstellar features along the lines of sight. The same sources can be observed at millimeter wavelengths, although the continuum emission is produced by the embedded HII regions rather than by dust. While a first set of observations, covering HCO + , HCN, HNC and CN spectra, has been presented by Godard et al. (2010) , the data relative to the hydrocarbon chemistry are presented in this paper. The analyzed objects are listed in Table 1 . Table 1 also lists their distances from Fish et al. (2003) .
The next section describes the IRAM-30 m observations. The results are presented in Sect. 3; a comparison with PDR models is given in Sect. 4, while Sect. 5 presents the conclusions.
Observations
Data analysis and processing
The observations were performed with the IRAM-30 m telescope in 2006 August and December. We used the A100 and B100 receivers, simultaneously with either the A230, B230 or the C150, D150 receivers. All receivers were operated in single side band mode, with a rejection of the image side band better than a factor of 20 (13dB). The observations were performed with the wobbling secondary reflector to obtain flat and stable baselines, and an accurate measurement of the 3 mm radio continuum intensity. The wobbler throw was 240 arcsec and the switching rate 0.5 Hz. The weather conditions were averaged with 5−10 mm of water vapor in August 2006 and less than 3 mm in December 2006. The pointing was checked on nearby planets and continuum sources, and was found accurate within 5 arcsec. The lines were analyzed with the flexible, high spectral resolution backend VESPA, tuned to a spectral resolution of 40 kHz (∼0.13 km s −1 ), and spectral bandpass of 120 MHz covering a velocity range of ∼400 km s −1 . We also used the 1 MHz filterbank to obtain broad band spectra. We searched for the ground state transition of CCH at 87.316 GHz and the 2 1,2 −1 0,1 A116, page 2 of 9 transition of ortho c-C 3 H 2 at 85.338 GHz. The J = 2-1 line of HCS + was observed simultaneously with c-C 3 H 2 as their frequencies are very close (the velocity shift is −31.6 km s −1 ). The spectroscopic parameters of the observed molecular transitions are listed in Table 2 . The IRAM-30 m spectra are shown in Fig. 1 .
The data processing was done with the GILDAS 1 softwares (e.g. Pety 2005 ). The IRAM-30 m data were first calibrated to the T * A scale using the chopper wheel method (Penzias & Burrus 1973) , and finally converted to main beam temperatures T mb using the forward and main beam efficiencies F eff and B eff appropriate for 85 and 87 GHz: F eff = 0.95 and B eff = 0.75. The resulting temperature accuracy is ∼10%, as checked by the variation of the intensity of the strong CCH emission lines in the spectra between different days.
The spectra show strong emission lines associated with the massive cores surrounding the compact HII regions, together with absorption lines from the foreground matter along the line of sight. In the massive star forming regions, the continuum emission is mainly free-free emission while we detect the non thermal millimeter continuum emission from SgrA * . The continuum intensities are listed in Table 1 . Except for SgrA * , emission lines of CCH (1 3/2,2 −0 1/2,1 ) at 87.316 GHz, CCH (1 3/2,1 −0 1/2,0 ) at 87.328 GHz, and c-C 3 H 2 2 1,2 −1 0,1 at 85.339 GHz are detected at the velocities of the background sources. The J = 2-1 line of HCS + at 85.347 GHz i.e. −31.6 km s −1 relative to the c-C 3 H 2 (2 1,2 −1 0,1 ) line is also detected in all sources. Emission lines have close to Gaussian profiles towards G10.6-0.39, G34.3+0.15 and W51, while they are clearly double peaked towards W49N, a feature also seen in other molecular lines Williams et al. (2004) . In this paper, we analyse the absorption produced by the foreground matter along the line of sight and will not comment further on the emission spectra.
The continuum intensity T c was measured by fitting flat baselines to the spectra. The spectra were then normalized by dividing them by T c . The parameters (central opacity τ, velocity V and line width δV) of the detected absorption features were derived by fitting Gaussian absorption profiles to the normalized spectra. They are defined as:
( 1) and hence:
The CCH and c-C 3 H 2 absorption profiles are strikingly similar, with narrow components superposed with broad and shallow features. Given the complexity of these profiles, we did not attempt to fit them entirely but preferred to restrict the analysis to the narrow features that have Gaussian profiles and are easily identified in the spectra (Fig. 2 ). We started with the CCH data that have the best S /N ratio. As the main CCH hyperfine components is separated from the nearest satellite line by ∼11.7 MHz ∼40 km s −1 , the absorptions caused by these components do not overlap in most cases. We used the detection of the main and satellite lines to check the quality of the fit of the line parameters. Once the fit of the CCH spectra was satisfactory, and in order to decrease the number of free parameters in the fit, we used the centroid velocities of the CCH velocity components as constraints for the fit of the c-C 3 H 2 line profiles. The high spectral resolution used in this study allowed us to separate velocity 1 See http://www.iram.fr/IRAMFR/GILDAS components which were blended in previous studies (Madden et al. 1989; Cernicharo et al. 1999; Cox et al. 1988) . The global analysis of the CCH and c-C 3 H 2 absorption profiles (Fig. 4) shows that the broad absorption features have similar properties to the narrow lines.
Although the available HI data (Fish et al. 2003 ; Koo 1997) have a lower spectral resolution than the data presented here, there is a generally good correspondence of the velocity ranges where absorption is detected in HI and in other molecules such as HCO + or CCH. Note however that some HI features seem to have little molecular counterpart while the reverse is never seen. As discussed further in Neufeld et al. 2010b) , the opacities of the absorption features do not scale with the HI opacities, indicating that the abundances of the different species relative to HI vary among velocity components. The recent Herschel-HIFI spectra obtained within the framework of the PRISMAS key programme show more extensive examples of molecular line profiles towards G10.6, W49N and W51 Gerin et al. 2010a,b; Neufeld et al. 2010a,b; Sonnentrucker et al. 2010; Persson et al. 2010) . The Herschel data revealed that absorption features from the molecular ions CH + , OH + and H 2 O + , and from the HF molecule are better correlated with HI than those from triatomic molecules such as CCH and HCO + Gerin et al. 2010a; Neufeld et al. 2010a,b; Sonnentrucker et al. 2010 ).
Derivation of CCH column densities
We analyzed the main CCH hyperfine component at 87.316 GHz. As shown in Fig. 1 , the absorption spectra are not saturated, for all hyperfine components, including the strongest one. Furthermore, the satellite hyperfine components that have lower relative intensities (Table 2 ) present weaker absorption features than the strongest component. For all sources, the ratio of the opacities of the satellite line at 87.328 GHz divided by the opacity of the main line at 87.317 GHz is equal to 0.5, the ratio of the relative intensities, as expected for unsaturated lines. This shows that the opacity of the absorption features is truly moderate, and does not result from partial coverage of the background source of saturated absorption lines, because in the latter case, we would expect that the relative intensities of the CCH hyperfine components would depart from their theoretical values, that are listed in Table 2 . At millimeter wavelengths, the covering factor of the absorbing matter is close to unity.
We derived the molecule column densities using the relation:
where Z(T ex ) is the partition function computed at the excitation temperature T ex , N tot and N u are the total column density and the column density in the upper state of the transition respectively, g u is the statistical weight of the upper level, A ul is the Einstein coefficient for spontaneous emission, ν is the line frequency and τ·dv is the line opacity integrated over the line profile. For molecules with hyperfine structure like CCH it can be easier to compute the column density without taking the hyperfine structure into account, provided that the correct line opacity, i.e. the sum of the opacities of all hyperfine components, is used. Following the latter approach and assuming that the excitation temperature is equal to the CMB, 2.73 K, i.e. collisional excitation is negligible because of the low gas density and moderate kinetic temperature, this leads to the relation given by Lucas & Liszt (2000) :
where f whm is the line full width at half maximum in km s −1 and τ is the opacity of the main hyperfine component (1 3/2,2 −0 1/2,1 at 87.316 GHz). The factor 2.4 corrects for the opacities of the satellite lines because Lucas & Liszt (2000) quoted this formula differently, with the sum of the opacities of all hyperfine components rather the opacity of the main component (1 3/2,2 −0 1/2,1 ) we are using. For a Gaussian line profile the integrated line opacity is proportional to the product of the line width at half maximum f whm and central opacity τ. The factor is very close to unity, and can be written as π 4ln (2) 1.065.
The hypothesis of negligible collisional excitation has been confirmed by the multi transition analysis of the HCO + profiles ) and by additional, non LTE, statistical equilibrium calculations performed with the RADEX software (van der Tak et al. 2007, Black private communication) . We checked that the excitation temperature of the observed CCH transition stays below 3 K, for most of the domain of physical conditions applicable to the line of sight clouds: the absorption features are formed in moderately dense gas: n(H 2 ) = 100-3000 cm −3 (Plume et al. 2004; Vastel et al. 2000; Godard et al. 2010) . These analyses have shown that, with such physical conditions, the collisional excitation of polar molecules is rather ineffective, and the excitation temperature remains close to the cosmic background temperature. The excitation temperature starts to depart significantly from the cosmic background temperature at the highest densities (n(H 2 ) > 3000 cm −3 ), but never rises above 5 K. Therefore, we can confidently derive the molecular column densities assuming that the excitation temperature is equal to the CMB.
A116, page 4 of 9 2.3. Derivation of c-C 3 H 2 column densities Absorption in the strong 2 12 −1 01 transition of ortho c-C 3 H 2 at 85.338 GHz is detected in all sources. The similarity of the spectra to those of CCH (Fig. 4) suggests that the absorption features are not saturated and that we can derive accurate column densities from the measured line opacities.
The c-C 3 H 2 column densities were derived from the relation of Lucas & Liszt (2000) :
As for CCH, this equation is based on the assumption of no collisional excitation. The results are listed in Table 3 .
HCS
+
The HCS + J = 2−1 transition at 85.347 GHz is detected in emission, shifted by −31.6 km s −1 from c-C 3 H 2 line at 85.338 GHz, but does not show any detectable absorption down to the noise level. Assuming T ex = 2.73 K, we derived an upper limit of τ ≤ 0.1 and N(HCS + ) = 9.27 × 10 12 f whm · τ < 9.3 × 10 11 cm
for a line width of 1 km s −1 . Table 3 summarizes the derived CCH and c-C 3 H 2 line parameters and column densities. For each velocity component, the full line width at half maximum ( f whm), the opacity (τ) and column density (N) are given. The distance to the different velocity components is also listed. It is derived assuming a flat rotation curve using: θ 0 = 220 km s −1 and R 0 = 8.5 kpc as recommended by the IAU (Kerr & Lynden-Bell 1986) .
Results
Analysis of CCH and c-C 3 H 2 line profiles
As shown in Fig. 1 , the CCH and c-C 3 H 2 spectra are strikingly similar. To be more quantitative, we show in Figs. 3a and 3b comparisons of the line full width at half maximum f whm and central opacity τ for the analyzed absorption features. The correlation coefficients for the derived central opacity and line width are 0.85 and 0.89 respectively, showing that these variable are strongly correlated. Figure 4 presents direct comparisons of the line profiles expressed in opacity units, for the entire velocity ranges where absorption is detected. The symbols indicate the different sources. The five sources share the same mean relation.
We therefore conclude that the data are consistent with the hypothesis that the CCH and c-C 3 H 2 absorption features have identical line widths, and that their line opacities are proportional with τ(CCH) = 1.8 ± 0.2 · τ(c-C 3 H 2 ), where τ(CCH) refers to the opacity of the main hyperfine component. This conclusion is based on the sole analysis of the line profiles and does not depend on any assumption on the line formation mechanism, nor on the decomposition method of the complex profiles into individual velocity components.
Comparison of CCH and c-C 3 H 2 column densities
As expected from the tight relationship of the CCH and c-C 3 H 2 line opacities and line widths, column densities of CCH and c-C 3 H 2 are linearly correlated, with a correlation coefficient of 0.88. Fig. 3c ) illustrates this correlation. It is interesting to note that we obtained a very similar relationship between the CCH and c-C 3 H 2 column densities as in the study of local diffuse clouds performed by Lucas & Liszt (2000) : N(CCH)/N(c-C 3 H 2 ) = 28.2 ± 1.4 while they found N(CCH)/N(CthHtw) = 27.7 ± 8.
Chemistry
We used the Meudon-PDR code (Le Petit et al. 2006; Goicoechea & Le Bourlot 2007; González-García et al. 2008) to investigate the production mechanisms of CCH and c-C 3 H 2 . The cold gas is modeled as a slab of either constant density or constant pressure, illuminated by the average interstellar radiation field on both sides. The code assumes that the chemistry has reached steady state, and computes the thermal equilibrium by balancing the cooling and heating rates at each point in the slab. The main input parameters are listed in Table 4 . We used the default values for the elemental abundances, extinction curve and cosmic ray ionization rate ζ as discussed by e.g. (Le Petit et al. 2006) . The physical conditions of the matter giving rise to the absorption features are fairly well known from previous works: the gas densities and total extinction across each absorption feature are low to moderate Gerin et al. 2010b ). We therefore chose to run models with constant gas densities ranging from 100 to 1000 cm −3 , and added two models with constant pressure. We show models with total hydrogen densities of n(H) = 100, 250, 500, 750 and 1000 cm −3 , gas pressures of 3500 and 10 4 K cm −3 , and total extinction across the slab of A V = 1, 3, and 5 mag. For all models, the radiation field has been set to the mean interstellar radiation field in the solar neighborhood G 0 = 1. We briefly explored the role of the cosmic ray ionization rate ζ, by running models with ζ = 10 −16 s −1 and 2 × 10 −16 s −1 for n H = 500 cm −3 , following the recent H + 3 observations summarized in Indriolo et al. (2007) that suggest that ζ may be higher in the diffuse interstellar medium than in the dense gas. Table 5 lists the model predictions for the column densities across the slab. Figure 5 shows the predicted column densities of C + , C, CO, CH, CCH and c-C 3 H 2 across the slab for the models. The constant density models are plotted with squares, while the constant pressure models are indicated by stars. Models with A V = 3 mag are shown with black symbols and full lines, while we show models with A V = 5 mag with white symbols and dotted lines and models with A V = 1 mag with crosses. To ease the comparison, we scaled all model predictions to A V = 3 mag. The predicted column densities of the A V = 5 mag cases are therefore multiplied by 0.6, while the predicted column densities of the A V = 1 mag are multiplied by 3. The constant pressure models are plotted using the maximum density as abscissa.
In these models, CCH reaches total column densities ranging from comparable to somewhat higher than what we measured, while the c-C 3 H 2 column densities remain lower than observed. The abundance ratio ranges from ∼160 to >400, the highest value being obtained for the lowest density models. The spatial distribution of the CCH and c-C 3 H 2 abundances is also different: while CCH is present as soon as A v > 0.5 mag or even at lower extinctions for the n = 1000 cm −3 models, c-C 3 H 2 is confined in the inner core of the slab with A v > 1 mag. The behaviors of the predicted CCH and c-C 3 H 2 column densities with the slab density and total extinction also differ. Except for the densities in the A V = 1 mag case, the predicted CCH column density is independent of the model density and scales with A V . On the contrary, the highest c-C 3 H 2 column densities are obtained for the models with highest extinction, and at a given extinction for the highest density. All models predict a high molecular fraction f (H 2 ) = 2N(H 2 ) N(H)+2N(H 2 ) > 0.9, since atomic hydrogen is only dominant over molecular hydrogen in the most external layers (A V < 0.1 mag) of the modeled clouds. The molecular fraction is not known for all lines of sight. For G10.6-0.4 and W49N, it is possible to estimate this parameter from the comparison of the total extinction along the line of sight with the observed HI absorption. The average molecular fraction is 0.4−0.6 Neufeld et al. 2010a ) but the detailed comparison of the HI and molecular absorption profiles reveals that a variety of conditions is present, from very diffuse phases with mostly atomic gas to mostly molecular gas (Neufeld et al. 2010b) . Figure 6 presents abundances relative to H 2 derived from the PDR models in the sampled parameter space. Because both CH and CCH scale well with the extinction across the slab, their abundances relative to H 2 show little variation with the gas density. The PDR models reproduce the well known correlation of CH with molecular hydrogen (Sheffer et al. 2008 , and references therein). The predicted abundances are slightly higher than the mean CH abundance derived from visible absorption spectroscopy: we deduce [CH] ∼ 1.3 ± 0.2 × 10 −7 and [CCH] ∼ 7.0 ±1.5 ×10 −8 relative to the H 2 column density, while Sheffer et al. (2008) derived [CH] = 3.6 × 10 −8 for diffuse and translucent clouds of somewhat lower total extinctions. It is remarkable that, for both CH and CCH, the variation of their abundance relative to H 2 does not exceed 20% for most of the studied models. Cosmic ray ionization rate ζ 5 × 10
3 . 1 Gas to Dust ratio 100 Grain size distribution index 3.5 Minimum grain radius 0.003 μm Maximum grain radius 0.3 μm
The PDR models also predict that the ratio of the CH and CCH abundances is well defined: N(CH)/N(CCH) = 1.8 ± 0.3. This close association of CH and CCH is confirmed when looking at the spatial gradients of the CH and CCH densities in a single slab as the spatial variations of CH and CCH are very similar. This behavior can be understood since these species are closely chemically related. CCH is produced by the photodissociation of acetylene (Roberge et al. 1991) and by the reaction of atomic carbon with CH 2 (Smith et al. 2004; Sakai et al. 2010) . The dissociative recombination of molecular ions such as C 2 H 2 + and C 2 H 3 + also plays a role. CCH is destroyed by photodissociation and by reaction with ionized and atomic carbon, initiating the formation of polyynes. As the carbon chemistry is initiated by the radiative association between C + and H 2 producing CH + 2 (Black & Dalgarno 1973) , it is expected that CH scales with H 2 . The formation of diatomic hydrocarbons is relatively easy once CH + 2 is formed because the reactions with C + and C are rapid.
Hence models predict that CH and CCH reside in the same environment. Furthermore, the predicted CH 2 column densities are similar to those of CH and slightly higher than those of CCH, with a trend with the gas density. CH is more abundant for the low densities, while CH 2 becomes dominant for n ≥ 500 cm −3 . Within the limited parameter space sampled, we did not find any strong variation of the predicted CCH or CH abundances with the cosmic ray ionization rate ζ. We recovered the known decrease of the CO abundance with increasing ζ (see Table 5 and Fig. 6 ).
It will be interesting to confirm these model predictions by observing CH along the same lines of sight as CCH. Observations of the ground state rotational lines of CH at 532 and 536 GHz at high spectral resolution are now feasible using the HIFI instrument on board the Herschel Space Observatory. First observations presented by (Gerin et al. 2010b) show a tight association of CH and CCH for a limited source sample. If the trend is confirmed, it will be possible to use CCH as a proxy for molecular hydrogen in diffuse and translucent gas, since CH has been shown to be tightly correlated with the molecular hydrogen (Federman 1982; Liszt & Lucas 2002; Weselak et al. 2004; Sheffer et al. 2008) .
On the contrary, the model does not reproduce the observed properties of c-C 3 H 2 : i) the predicted column densities are lower than the observed column densities; ii) the predicted column density does not scale with the total extinction across the slab. Moreover, because CCH is present across most of the slab, while c-C 3 H 2 is confined to the inner regions, the resulting line profiles are expected to bear the signature of these different environments, with c-C 3 H 2 profiles sampling quieter regions with smaller velocity dispersions than CCH. Therefore a loose correlation between the CCH and c-C 3 H 2 line profiles would be 5 . Prediction of the column densities of C + , C, CO, CH, CCH and c-C 3 H 2 from the PDR Meudon models with various hydrogen densities and pressures. The constant density models are plotted with squares while the constant pressure models are shown with stars. These models correspond to A V = 3 mag. Results from models with A V = 5 mag are scaled by 0.6 to compensate for the higher total gas content, they are shown with open squares and dotted lines. Results from models with A V = 1 mag are scaled by 3 to compensate for the lower total gas content, they are shown with crosses. The constant pressure models are plotted using the highest density point as abscissa.
expected based on the PDR model predictions, that contrasts with the observed tight correlation. In the PDR model, c-C 3 H 2 is formed by the dissociative recombination of c-C 3 H 3 + and by the reaction of C with acetylene. It is destroyed by photodissociation and by reactions with atomic carbon. It is likely that other formation mechanisms, yet to be identified, participate to the production of c-C 3 H 2 .
The tight correlation of CCH and c-C 3 H 2 was recognized earlier by Lucas & Liszt (2000) and Pety et al. (2005) in Fig. 6 . Prediction of the abundances relative to H 2 of C + , C, CO, CH, CCH and c-C 3 H 2 from the PDR Meudon models with various hydrogen densities and pressures. Models with A V = 5 mag are plotted with open squares, A V = 3 mag with black squares and A V = 1 mag with crosses. Constant pressure models are plotted using the highest density point as abscissa. Models with elevated cosmic ray ionization fluxes are drawn in red, using larger symbols. The gray bars indicate the observed abundances of CH (Sheffer et al. 2008) , CCH (Gerin et al. 2010 ) and c-C 3 H 2 (this work, using the scaling with CCH). massive stars. In diffuse or translucent clouds, the same mechanism could operate. This scenario needs to be fully tested by including the PAH chemistry in the PDR models. Godard et al. (2009) have explored the impact of the dissipation of turbulence on the chemistry of diffuse interstellar clouds. They show that the chemical abundances of some molecular species, notably HCO + and CH + , are significantly modified and become in a much better agreement with observations than the predictions obtained by steady-state PDR models. Their chemical network includes CCH but not c-C 3 H 2 . Models with a more extensive chemical network are currently under investigation, to search whether c-C 3 H 2 could be partially produced in the dissipation regions of the interstellar turbulence.
Conclusion
We confirm that the tight correlation of CCH and c-C 3 H 2 first established by Lucas & Liszt (2000) towards high latitude diffuse clouds is present in the diffuse and translucent matter along the line of sight towards distant massive star forming regions, with N(CCH) = (28.2 ± 1.4)N(c-C 3 H 2 ). This correlation confirms the finding by Lucas & Liszt (2000) and extends it to the more distant interstellar matter in the Galactic Plane. While PDR models seem to reproduce the observed properties of CCH, they fail by at least one order of magnitude for c-C 3 H 2 . We suggest that CCH might be used as a complementary tracer of molecular hydrogen in diffuse and translucent matter, that can replace CH in environments where no visible spectroscopy can be performed. The HIFI instrument on board the Herschel Space Observatory is now capable of detecting the submillimeter transitions of CH with high accuracy, enabling the direct comparison of CH and CCH.
